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FOREWORD

The general purpose trajectory program used to compute the

trajectories contained in this report was A MASS POINT TRAJECTORY

PROGRAM FOR THE CDC 1604 COMPUTER by Louis T. Parker, Jr.,

1st Lt, USAF (TDR-62-49). The computations were made on the CDC

1604 computer at Kirtland AFB, New Mexico.
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ABSTRACT

Included in this report are studies of five ballistic trajectories for a

point mass moving in three degrees of freedom relative to a rotating

oblate earth. All trajectories are launched from Vandenberg AFB,

California to points of interest in the Pacific Missile Range.

A running account of the position, forces exerted on the vehicle, and

atmospheric information is given throughout the trajectory with a more

detailed account given from reentry into the atmosphere to impact.

Vernier Engine Cut-Off (VECO) occurs at the same range from

Vandenberg AFB (4Z3. 45 nautical miles) and at the same altitude

(1, 086, 50Z feet) for all five trajectories. Velocity, flight path angle,

and heading angle were varied at VECO for each trajectory to achieve

impact in the desired areas. Since it was desired to achieve a Z0 degree

reentry angle, these trajectories do not represent minimum energy

trajectories. Reentry is considered to occur between the altitudes of

300, 000 and 400, 000 feet. The Standard ARDC 1959 Atmosphere Model

was used in computing these trajectories.

PUBLICATION REVIEW

This report has been reviewed and is approved.

444 L. HALEY JOHN J. DISHUCK
Colonel USAF Colonel USAF
Director, Test Director te DCS/Plans & Operations
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LIST OF SYMBOLS

Latitude, measured from the equatorial plane (positive

in northern hemisphere).

e Earth referenced longitude; measured from a prime

meridian (positive in the eastward direction).

V Magnitude of the total velocity vector, referenced to

the rotating earth coordinate system.

T Flight path angle (climb angle) of the velocity vector,

measured from local horizontal plane (positive for

climbing flight).

Azimuth or heading angle of velocity vector, measured

(looking down) in the local horizontal plane from local

north (positive in clockwise direction).

Cd Drag coefficient.

A Drag area.

M Mass of moving vehicle being represented by a point.

H Geocentric altitude.
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1. INTRODUCTION.

a. Objective s

(1) To provide a convenient reference for AFSWC project officers

and contractors regarding trajectories of vehicles shot into the Pacific

Missile Range from Vandenberg AFB, California.

(2) To study reentry conditions of these shots.

(3) To provide a basis for further studies of trajectories into the

Pacific Missile Range.

b. Origin of study.

This report is a result of requirements arising from different

projects which include shots into the Pacific Missile Range. The immediate

requirement arises from the need to evaluate trajectories for Project

627A000, Sleighride.

c. The computer program.

The description of the computer program and of the equations used

to compute the trajectories in this report may be found in reference 1.

Figure 1, which has been extracted from reference Z, shows the coordinate

system and velocity components.

Z. DESCRIPTION OF OUTPUTS.

a. Included in this report are trajectories having an impact point within

a 50-nautical mile radius of the following islands in the Pacific Missile Range:

(1) Christmas Island

(2) Johnston Island

(3) Kwajalein Atoll

(4) Midway Island

(5) Wake Island
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The inputs are listed at the beginning of each trajectory, followed by the

output keys. After the output keys are listed the CdA/M vs. Mach number

tables which were used for all trajectories. The tables correspond to a

vehicle having a ballistic parameter of W/CdA= 626 at high Mach number.

Following these tables are the outputs at given time intervals along the

trajectory.

b. A print interval of 50 seconds was used from VECO to the first point

computed with an altitude below 350, 000 feet. A print interval of 1 second

was used from this altitude to impact. The integration step size is inde-

pendent of the print interval as long as the print interval is greater than the

step size. The maximum step size used in the integration for all the

trajectories in this report was 1 second. The last point printed for each

trajectory is the last point computed having a positive altitude.

c. For easy reference for the variation of some selected parameters

during reentry, the following sets of plots were included with each tra-

jectory:

altitude vs. gamma

altitude vs. g-loading

altitude vs. velocity

altitude vs. time

gamma vs. time

g-loading vs. time

velocity vs. time

These plots were taken from an altitude of approximately 400, 000 feet to
impact.

d. On the attached map (figure Z) can be seen the projection of the

trajectory followed by each vehicle from VECO to impact. The dotted line

3
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from Vandenberg AFB to VECO is the extrapolated projection of the path of

the powered flight.

e. A summary of each trajectory is shown on table 1.

7
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